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ENM Goal

•• Predict Species Locations Based on Known Locations and Predict Species Locations Based on Known Locations and 
Climate/Geographic Spatial DataClimate/Geographic Spatial Data

•• Requires manipulation of geographically referenced point data Requires manipulation of geographically referenced point data 
and GIS raster data from variety of sourcesand GIS raster data from variety of sources



GARP

•• Stands for Stands for ““Genetic Algorithm for Genetic Algorithm for Ruleset Ruleset 
ProductionProduction””

•• Algorithm created by David Algorithm created by David StockwellStockwell
•• UsesUses genetic algorithm to create genetic algorithm to create ““rulesrules”” based based 

on input dataon input data
•• Statistics are then used toStatistics are then used to find the probability find the probability 

ofof each ruleeach rule
•• Used for ENM toUsed for ENM to predict species locations predict species locations 

based on input databased on input data
–– Only one of many genetic algorithms that could be Only one of many genetic algorithms that could be 

used for ENMused for ENM



GARP Modeling Workflows
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Tools for data acquisition

•• EcogridEcogrid
–– DiGIR DiGIR -- Museum collection dataMuseum collection data
–– SRB SRB -- large GIS layerslarge GIS layers

•• Local files/Kepler file readerLocal files/Kepler file reader



Longitude, Latitude Table from
Digir Ecogrid Search



Spatial Manipulation Tools in 
Kepler

•• GIS toolsGIS tools
–– GDALGDAL
–– GRASSGRASS

•• Java toolsJava tools
–– Specialized actorsSpecialized actors
–– ImageJImageJ



JavaJava--based actors based actors 
created to read created to read 
and manipulate and manipulate 
ASCII grid files ASCII grid files 

ImageJ image ImageJ image 
processing processing 
package from package from 
NIH added as an NIH added as an 
actor to display actor to display 
and manipulate and manipulate 
imagesimages

ImageJ has macro ImageJ has macro 
capabilities & capabilities & 
numerous plugnumerous plug--
insins

ImageJ - http://rsb.info.nih.gov/ij/

Java Actors for Handling ASCII Grid Files



Scale Factor = 1
Scale Factor = 2

Java Routines for Convex Hull Calculation 
and Rasterization 

Java routines for Java routines for 
the Convex Hull the Convex Hull 
convert the convert the 
polygon to a shape polygon to a shape 
which can be which can be 
‘‘scaledscaled’’ in sizein size



Java Actors for Rescaling  and Merging

Java actors can rescale Java actors can rescale 
ASCII grid files, changing ASCII grid files, changing 
resolution and extentresolution and extent

Both nearestBoth nearest--neighbor and neighbor and 
InverseInverse--DistanceDistance--
Weighted algorithms Weighted algorithms 
implementedimplemented

DiskDisk--based code allows very based code allows very 
large grids to be large grids to be 
manipulated (i.e not manipulated (i.e not 
limited by RAM)limited by RAM)

Grid rasters can be Grid rasters can be 
‘‘mergedmerged’’ with various with various 
operations on data in operations on data in 
overlapping pixelsoverlapping pixels

Start

Rescale and Clip

Merge

Finish



GDAL - Geospatial Data Abstraction Library
http://www.remotesensing.org/gdal/

GDAL translator
library connected to
Kepler actors

GDAL can input ~40
different raster formats

Conversion between
different projections
possible

File format conversions
also possible



GRASS - Geographic Resources Analysis 
Support System (http://grass.itc.it/)

Functionality
• Polygon 

Rasterization
• Raster   

Buffering



GARP Actors in Kepler

•• GARP GARP PresamplePresample
–– Presamples Presamples data points based on presetdata points based on preset

samplingsampling criteriacriteria
•• GARP AlgorithmGARP Algorithm

–– Runs the actual GARP algorithmRuns the actual GARP algorithm
•• GARP PredictionGARP Prediction

–– Predicts spatial points based on the outputPredicts spatial points based on the output
““rulesrules”” ofof GARP AlgorithmGARP Algorithm



Single GARP Calculation          
Workflow

Species locations
(longitude, latitude)



Statistical Post-processing

•• Calculate omission/commission errorsCalculate omission/commission errors
•• Select best subsets based on Select best subsets based on 

omission/commisionomission/commision



Omission/Commission 
Calculation

•• GridSummary GridSummary actor can calculate actor can calculate 
omission/commission errors from GARP omission/commission errors from GARP 
outputoutput

•• GridSummary GridSummary isis a specialized actor a specialized actor 
written in Javawritten in Java



Creating a Best Subset
•• RR can be used for best subset selectioncan be used for best subset selection
•• Choose the GARP predictions with the lowest omission Choose the GARP predictions with the lowest omission 

and commission ratesand commission rates



Barriers to Implementation

•• Diverse input file formatsDiverse input file formats
•• Agreement on statistical methodsAgreement on statistical methods
•• Understanding the Understanding the ““truetrue”” workflow workflow 

behind ENM/GARPbehind ENM/GARP
•• Complex data flowComplex data flow
•• Prerequisite Prerequisite ““massagingmassaging”” of dataof data
•• We have currently implemented pieces We have currently implemented pieces 

of the entire ENM workflow, but not all of the entire ENM workflow, but not all 
the pieces will fit togetherthe pieces will fit together
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